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Abstract: The integration of sensor technologies in personal safety devices is transforming how we approach risk management
in various high-risk environments. The Smart Helmet with Sensor Fusion and Mobile Connectivity provides an advanced
solution for enhancing rider safety by leveraging multiple sensors like accelerometers, gyroscopes, GPS, and communication
modules. This helmet detects critical events, such as accidents or falls, using data from the MPUG050 sensor (for motion
tracking) and GPS data from the NEO-6M to pinpoint precise locations of incidents. Additionally, it communicates with
emergency contacts via the SIM80OL module to provide real-time crash notifications. Flutter-based mobile applications enable
seamless connectivity between the helmet and user smartphones, offering features such as live data tracking, including speed,
acceleration, and distance travelled. This system uses sensor fusion techniques to process real-time data from various sources,
ensuring accurate event detection and prompt alerts. This technology is ideal for bikers, construction workers, and others
working in high-risk settings, providing both immediate safety responses and long-term health monitoring.
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I. INTRODUCTION

Motorcycle rider safety is a growing concern in urban environments, where unexpected hazards and road conditions frequently lead
to accidents. While conventional helmets provide passive protection, integrating sensor fusion and maobile connectivity introduces
new possibilities for proactive safety. Smart helmets, equipped with sensors such as accelerometers, gyroscopes, temperature, and
ambient light detectors, allow continuous monitoring of rider movement and surrounding environmental conditions. A smart helmet
prototype has been developed for safe riding and alcohol detection, using embedded sensors to monitor the rider's behaviour and
trigger alerts in unsafe situations [6]. This concept has been enhanced by incorporating wireless GSM-based communication,
enabling the helmet to transmit emergency alerts and location data to pre-selected contacts upon detecting critical events [7]. Further
advancements include Al and loT-enabled helmets that monitor both environmental factors and physiological signals in real time,
using sensor fusion techniques to enhance data accuracy and reduce false alarms [9]. These systems rely on microcontroller-based
processing units and advanced firmware to interpret multi-sensors input. Alerts are transmitted via Bluetooth or LTE, facilitating
immediate communication during emergencies. Collectively, these innovations mark a shift from reactive to predictive safety
systems in motorcycling, aiming to minimize injury severity through real-time intervention.

Il. RELATED WORK

The development of smart helmet technology has undergone substantial evolution, propelled by advancements in embedded
systems, wireless communication, and sensor fusion algorithms. Early innovations focused primarily on integrating basic sensors
for collision detection and location tracking [6]. However, recent efforts have introduced sophisticated multi-sensor configurations,
combining inertial measurement units (IMUs), gyroscopes, accelerometers, ambient light, and temperature sensors to achieve
comprehensive real-time situational awareness [7]. This multi-modal sensing framework has redefined safety paradigms by enabling
continuous assessment of rider behaviour, environmental conditions, and impact events without human intervention.

Breakthroughs in microcontroller firmware and real-time data acquisition have allowed the implementation of sensor fusion
techniques that reduce false positives and significantly enhance impact detection accuracy. Coupled with mobile communication
modules, these systems are capable of transmitting emergency alerts—including GPS coordinates and physiological data—via
Bluetooth or LTE, facilitating near-instantaneous response in critical scenarios [9]. Embedded Al models further augment
functionality by enabling contextual decision-making, distinguishing between normal riding dynamics and hazardous incidents
through behaviour classification algorithms.
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Recent designs incorporate Al-10T convergence to support edge computing capabilities, allowing for on-device pre-processing of
sensor data and minimizing latency in emergency communications. Ongoing research explores the integration of biometric sensors
and adaptive feedback mechanisms to increase user engagement and system reliability under diverse environmental and
physiological conditions. The fusion of safety engineering with intelligent systems continues to drive the transition from reactive
safety measures to proactive, intelligent intervention frameworks.

As these smart helmet platforms evolve, their role extends beyond individual safety to broader applications in intelligent
transportation systems, occupational hazard prevention, and real-time urban mobility monitoring. The trajectory of this technology
suggests a future of highly adaptive, Al-powered safety systems with potential implications for public health, emergency services,
and autonomous infrastructure integration.

11l. OBJECTIVE

The objective of this project is to develop an innovative smart helmet that significantly enhances rider safety using sensor fusion and
mobile connectivity. The system integrates multiple sensors, including the MPUG050 (accelerometer + gyroscope), NEO-6M GPS,
and SIM800L GSM module, coordinated by an ESP32 microcontroller. It aims to detect accidents or falls in real-time and
immediately alert emergency contacts with precise location data. A Flutter-based mobile app facilitates live tracking and
monitoring. The helmet is designed to be lightweight, durable, and user-friendly, offering both immediate safety responses and
long-term health monitoring. It ensures timely medical intervention, promotes responsible riding, and reduces road fatalities without
compromising usability or rider comfort.

IV. PURPOSE

The Smart Helmet system is designed with the overarching goal of enhancing personal safety for two-wheeler riders by offering
proactive accident and fall detection capabilities. By leveraging embedded sensors and real-time data processing, the system ensures
that emergency alerts and precise location data are transmitted immediately to predefined contacts, significantly reducing
emergency response times. This not only mitigates the risk of severe injuries and fatalities but also supports public health initiatives
aimed at improving road safety. Furthermore, the system encourages responsible riding behaviour by promoting consistent helmet
usage and raising awareness about the importance of smart safety gear. From an economic standpoint, the helmet contributes to
reducing medical expenses associated with road accidents and opens new avenues for technology-driven safety solutions in
consumer and industrial markets. Overall, the system fosters a culture of accountability and enhances safety for both riders and
pedestrians.

V. PROPOSED SYSTEM

The proposed Smart Helmet system prioritizes ease of use, real-time detection, and reliable communication to deliver a
comprehensive safety solution. At the core of the system is the ESP32 microcontroller, which coordinates the operations of various
sensors and communication modules. The MPUG050 sensor is used for detecting abrupt changes in motion that indicate potential
accidents or falls. Accurate real-time location tracking is achieved using the NEO-6M GPS module, while the SIM80OOL GSM
module is responsible for transmitting emergency SMS alerts. The helmet interfaces with a Flutter-based mobile application, which
enables users to visualize real-time data, receive alerts, and manage emergency contacts. Integration with Firebase provides cloud-
based data storage, real-time database functionality, and user authentication services. The system utilizes sensor fusion techniques to
analyze data from multiple sources, thereby minimizing false positives and improving crash detection accuracy. Its robust
architecture allows reliable operation across a variety of environments, including urban, rural, and low-connectivity areas, ensuring
it remains functional in real-world conditions. The Flutter app complements the hardware by offering historical data tracking and
intuitive configuration options.
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Smart Helmet System Flowchart
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Fig 1:Smart Helmet System Flowchart

VI. METHODOLOGY

The development of the Smart Helmet follows a methodical approach that integrates hardware sensing, data analysis, and user
interaction. In the data acquisition phase, the ESP32 microcontroller continuously collects sensor readings from the MPU6050
(accelerometer and gyroscope) and the GPS module. These readings are then subjected to pre-processing, where sensor fusion
algorithms detect anomalies or abrupt motions indicative of an accident. If the computed acceleration or rotation exceeds predefined
thresholds, the system initiates the crash detection logic, triggering an emergency response. The SIM800L module sends an SMS
containing a Google Maps link with the GPS coordinates to emergency contacts. Simultaneously, the Flutter mobile application
receives real-time data updates via Bluetooth or HTTP/MQTT protocols, allowing users to view helmet status, configure contacts,
and review past incidents. The system also employs Firebase for cloud storage of crash logs, user authentication, and crash status
monitoring. To ensure system reliability, comprehensive testing is conducted, including unit testing, integration testing, system
testing, and acceptance testing, validating the system’s performance under real-world conditions.

Smart Helmet Dashboard
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Fig 2: Maobile Application Interface displays how real-time helmet status and crash alerts are presented in the app.
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VII.IMPLEMENTATION

The implementation of the Smart Helmet system involves the seamless integration of hardware components and software

technologies to create a reliable, real-time accident detection and notification platform. The core of the hardware system is the

ESP32 microcontroller, chosen for its high processing capability and support for wireless communication. Connected to it is the

MPUG050 sensor, which captures acceleration and gyroscopic data to detect abnormal movement patterns indicating a fall or crash.

To determine the exact location of an incident, the NEO-6M GPS module is utilized, while the SIM800OL GSM module is

responsible for transmitting emergency alerts via SMS to predefined contacts. The system is powered by a Li-lon battery and

regulated through a voltage circuit to ensure safe and stable operation. The sensors and modules are interconnected using 12C and
serial communication protocols, with precise pin mapping to the ESP32 to ensure efficient data transfer.

1) Hardware: The firmware for the ESP32 is developed using Arduino IDE and PlatformlO, with key libraries including Wire.h
for 12C communication, TinyGPS++.h for parsing GPS data, and SoftwareSerial.h for managing communication with the GSM
module. The system continuously monitors motion data from the MPU6050 and GPS coordinates from the NEO-6M. If a crash
is detected—defined by exceeding certain acceleration or angular thresholds—the SIM800L sends an SMS containing a Google
Maps link to emergency contacts. This workflow is managed via structured functions and decision-making logic.

2) Software: On the software side, a Flutter-based maobile application is developed to provide a user-friendly interface for the
helmet system. The app is capable of receiving real-time crash data, monitoring the helmet’s location using Google Maps API,
and displaying stats such as speed, acceleration, and past crash logs. It is cross-platform and supports both Android and iOS
devices. Firebase is used for cloud data storage, user authentication, and real-time updates, allowing users to store and retrieve
crash data securely.

Fig 3:Hardware implementation of the setup

The final outcome of the implementation is a fully functional Smart Helmet system that can detect crashes, determine exact
location, and notify emergency contacts within seconds. The mobile app interface displays the current helmet status ("Safe" or
"Danger"), real-time speed, location, and maintains a log of previous alerts and crash events.
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Fig 5: Maobile Application Interface of Smart Helmet
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VIIl.  RESULT
The proposed smart helmet system effectively enhances rider safety through the integration of multiple sensors and mobile
connectivity. The helmet detects accidents and falls using the MPUGB050 sensor and sends real-time alerts via the SIM800L GSM
module. Accurate GPS coordinates are retrieved using the NEO-6M module and sent to emergency contacts through a Flutter-based
mobile application.
However, the system's performance is influenced by external factors such as GSM network strength and GPS signal availability. In
rural or low-signal regions, the emergency alert response time increases from an average of 3 seconds in urban areas to up to 7
seconds. Moreover, potential false positives during normal movement and the need for a reliable power source (battery performance
of ~8 hours in continuous use) are notable constraints. The helmet’s effective operation also relies on proper sensor calibration and
stable connectivity between the ESP32 microcontroller and the app interface.
Despite these limitations, testing demonstrated a 92% accuracy in crash detection, and user interaction with the mobile app was
smooth, with alerts received in under 1 second under optimal conditions. This proves the robustness of the system's real-time safety
features.

Smart Helmet Performance Analysis
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Fig 6: Performance Analysis of Smart Helmet

IX. CONCLUSION

The Smart Helmet with Sensor Fusion and Mobile Connectivity delivers a comprehensive safety solution by combining motion
detection, GPS tracking, and emergency communication. With a strong focus on accident response and rider awareness, the system
not only detects crashes but also transmits real-time alerts and location data to emergency contacts.Built on a foundation of ESP32,
MPUG6050, SIM800L, and NEO-6M modules, and supported by a user-friendly Flutter mobile application, the system ensures both
technological effectiveness and usability. It is particularly beneficial for motorcyclists and workers in high-risk environments.While
the system currently requires reliable GSM coverage and battery management for optimal performance, future enhancements could
include Al-based crash prediction, solar-powered modules, voice control features, and 5G integration to support faster and more
reliable data transmission. These advancements will further improve the helmet's real-time capabilities, scalability, and applicability
in diverse environments, promoting safer commuting and workplace standards.
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